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Summary

RyYDER, M. H. & Bep, A. F (1993) Effect of Acrobeloides ranus (Nematada: Cephalobidae) upon the survival
ol Pseudomeonas corrygate (Eubacteria) in pasteurized soil from Kapunda, South Australin. Trans. 8. Soc. §.

Ause, 117(4), 179-182, 30 November, 1993,

Acrabeloides nanuy and Pseudomonas corrugata were co-inoculated into the same pasteurized field soil, The
population of the nematode increased ten-fold in eight weeks, whereas she population of whe bacteria decreased
with tre, in all cases, After eight weeks ar 15°C, the population of the introduced bacteriu was significantly
lower where A. nanus hud been added to the soil, AL 22°C the population of R cormugata was much lower irraspective
of the presence or absence of A. nanus. The feeding of pematodes on bacteria in so1l helps (o cxpluin the observed
decrease in the poepulation of micrebial cantrol ugents introduced into the soil in field experiments.
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Introduction

With increased interest in the use of biological
control agents as alternatives to chemical coorosl
measures has come an interest in the fate of these
biocontrol agents in the soil, In particular, information
on the effect. that bacterial-feeding nematodes may have
nn bactenal biocontrol organisins is sparse. Accotding-
Ly, we have isolated, cultured and microscopically
examined a biocontrol bacterium and a nematode from
the sume agricultural soil and have studied (heir
relationship both on agat platey and in the soil.

The bacterium Pseudomonizs corrugata isolate 2MOR
is u biocontrol agent against the root-pathogente fungus
Guetmannomyces graminis var. triticl (Ryder & Ravira
1993). This fungus causes the root disessc 1ake-all
which is responsible for serious yield losses in cereal
s in southern Austtalia and elsewhens it the world.
P corvugara 2140R is 2 rifampicin-registant dervative
of the parent strain and is, therefore, easily identified,
The nematode which we used was Acrobeloides nanus
[Anderson 1968; Bostrom & Gydemo 1983; Nicholas
& Swewart 1989, Bird o2 al. 1993), a cosnwpalitan,
bucterial-feeding, free-living organism that i
widespread in agricultural and arid soils throughout
Australia, The nematode A. nanws can use the
bacterium in virre as o nutrient source and is able to
complete his life cyele and reproduce while feeding only
upon P corrugata (Bird & Ryder 1993). We show that
the presence of 4. fMenus can lead o a reduction of
bacterial numbers when both organisms are Inoculated
nto pasteurized soil.
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Materials and Methods

Nemaiode

Acrobelpides namiy was isolmed, by mepns of &
misting apparatus, from the dry soil, collected six yeary
previously (in 1986), fromy which P corrugata had
originally been isolated (Bird & Ryder 1993).

Bacteria

Pseudomonas cormigan 2140 was isolated originally
from the rhizosphere of wheat seedlings that had been
grown in a tield soil, a red-brown earth pH 6, collected
from Wagga Wagpa, New South Wales {Ryder & Rovira
1993). The rifampicin-rasistant derivative P corrugata
2H0R was isolated as a spontaneous mutant growing
an Nutrient Agar, by J, Brackin, Monsanto Co., St
Louis, USA.

Snil andd pastewrization conditions

Ficld soil, a sodic red-brown earth (Stace 1 al,
1968)., more recently delined as a tine mixed thermic
caleic natrixeralf (Soil Survey Staff 19%0), from
Kapunda, South Australia, that had been zir-dried and
sieved (<3 mm) was used i our experiments.
Imoediarely prior 1o use, it was steam sterilized at
75°C Tfor 15 minin arder 1o Kill all nematodes buy not
all bacteria,

Inoculation of sail with bacteria and nematodes

Treatments consisted of nematodes +  bacteria
(+N+B), nematodes alone (N), bacteria ilone (B) and
controls without either, Fach treatment was replicated
five times. The experiments wete run at 15°C and 22°C
and were harvested at eight weeks {rom commence-
ment.

The nematodes, grown on £ corrigaia 2140, the
parent bacterial stram which s sensitive 1o
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rifampicin, on malt extract agar (Oxeid) were washad
from the Petri dishes with sterile distilled water;
centrifuged three times in sterile distilled water (200
# g for 10 min) and added as aliquots to the seil
samples. In the +N+B treatment, bacteria were added
10 the suspension of nematodes inmediately prior (o
incculation of the soil, At the commencement of the
experiment, samples (20 g) from all four treatments
were placed on a4 misting nemalode-extraction
apparatus und the nematodes 1 the eluate were
counted, The -+N+B weatment yiclded four nematodes
per g of dry soil, and +N alone five. No nematodes
were found in the solls with added hacteria (+B) ur
in the controls (C)-

Bacteria (P corrugara strain 2J40R) were grown on
Nutrient Agar (Difco), conmtaining rifampicin
(Boghringer) at 100 mg per litre, for two days at 25°C.
The cells were barvested by washing the plate with
4 mi sterite distilled water. The cell density was
adjusted 1o ¢a. 2 % 107 colony-forming units (cfu) per
ml before inaculation of suil. The starting popularion
of £ corrugata was taken as the number of rifampicin-
resistant bacteriz recoverable from the soil 30 min afier
woeulabion . Five replicate samples were processed for
dilution plating. The initial bacterial populations. were
1.5 % 08 chu/g dry soil (+B) and 117 % 10° cfu/g
dry soil (+N+RB).

The air-dried soil was wel initially o 2% (wiv) with
distilled water. 20 g portions of moist sol were
dispensed into sterile containers (plastic-capped,
120 m! capacity). Either nematodles (+N) or bacteria
{+B) alone were added 10 the soil in | ml, For addition
of both organisms together (+N+B), the suspensions
of nematodes and bacteria were mixed und then added
to the soil in 1 ml. Sterile distilled water (I wl) was
added to the control treatment. The wrganisms were
mixed into the soil thoroughly using o glass rod thist
had been wiped with ethanol. but the mixing was done
pently to preserve the nematodes, The final water
coment of the soil was 19.4% (wiw dry soil).

Incubarion conditions

The containers with treated soil were incubated in
dnrkness at esther 15°C or 22°C. They were capped
tightly, but once each week the lids were removed for
several seconds in a laminar flaw cabinel. W allow gas
axchange (o oceur. The incubation period was eight
weeks.,

{solation and enwemeration of bacreria

Sterile distilled water was added w each container
so that the total volume of soil and liquid was 70 ml.
The container was shaken pently for 30 sec to allow
the soil aggregates to disperse, Ong ml was taken for
analysis of bacterial populations by dilution plating.
The sclective medium used was Natriene Agar
conlaining cycloheximide (75 mg/l) and rifampicin

{100 my/T). The dropict plating method (three rephicate
10wl droplets) was used except for the controls (C)
where 0.1 ml of the undiluted suspension was spread
on the plate. Bacterial colonies were counted after (wo
days at 25°C.

Isolation und conniting of nematodes

The nematodes in the remaining 69 mil of soal
suspension were isolated by means of Scinhorst’s two
fask technique followed by sievipg and counting
(Hooper 1986).

Statisrics

Populations of nemualndes and bacterta were unalysed
by an analysis of variance of log-transformed dati
(Genstat Version 5).

Results

The populations of both A. ranus and P corrugels
after eight weeks in pasteurized Kapunda soil at 15°C
or 22°C are shown i Figs | & 2, There were no
significant differences in populations of A. nanus at
either (emperature after cight weeks (bacterial
treatment: F=0.18, p=068; 1emperature; F=1.29,
p=0.27). Where nematodes were added theit numbets
had increased 4t least ten-fold since the commencement
of the experiment, Addition of A, nanus significantly
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Fig 1. Histogram showing no significant difference in
numbers of nematodes at either temperature afier efght
weeks irrespective of whéther bacteria were udded or not
Error bars represent standard error (SE) of the mean
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Fig. 1 Histogram showing a significan decrease in bactesinl
auimbers gfter ight weeks al 13°C when rematodey were

presenl,

reduced the pupulition of B coviveata over elght weeks
at 15°C (neinatode treatment: F=13.4%, p <OU0I;
lemperntiure: F=18.53, p<0001: interaction between
nematode treatment and lemperature: F=3.76,
p=0038). Numbers of P corrugata decreased eight-
Juld 10 the presence of A nanus compared 10 two and
three quanter-fold in the absence of the nematode. At
22°C over this period of time, bacterial nunibers were
reduced. to approximately one twenticth of the
population w the start of the experiment. irrespoctive
of whether or not nematodes were present,

Discussion

The presence of A nenus m the soil significantly
reduced the population of £ corrugara sfier eight
weeks a1 15°C. This temperature closely resembles
winter soil temperatures in the field i South Australia.
when biological control of G. graminis var. titici by
P cormigara has been tested. Dur resulis provide a
possible explanation for the obssrved decrcase in
numbere of pseudomonads in hiocontrol experiments
conducted in the field (Weller 1983; Ryder ef al. 1990),

After eight weeks at 22°C, the numbers of
£ vorrugata were much reduced. This ocewrred
irrespective of whether A. nanmus was present ar not,
This suggests that competitinn with ather bacieria. with
growth optima close 10 22 °C, (nay be respansibile for
the decline In numbers of B cormugata in the soil. This

vecrease in numbers of P corvugaim is probably not
due to increased lemperature because it growth rate
i vitro 15 higher at 20.30°C than 4t IS°C (Ross &
Ryder. unpubl.).

Pasteurization of the soil resulled in the death of all
sonl nematodes and many, but not all, of the bacteria.
This meant that the P corrugata were introduced into
a bacteriologicslly competitive soil environtnent, One
fuch competitor, yet to be identified, proved to be a
bacterium that formed visible white patches on the
surfuce of the soil. These patches were considerably
reduced in the presence of the nematodes and were
presumably fed upon by 4. nanus.

The bacterial-feeding nematode A. nanus iy hoth
widespread in South Australian agricultural soils and
is relatively abundant, forming 12-28% ot the total
nematode fauna in soil from field plos at Kupunda,
SA, sampled in the spring of 1992 (Yeates & Bird in
press). This 16 equivalent o 1-17 nemitodes per gram
of dry bulk soil. Thus the levels of added A. netnus
in the experiment reported here, were representative
of numbcers found nawrally in the ficld.

The ability of 4. muany, and other species of
bacieria-feeding nemalodes, to graze on bacteria may
affect the biocontrol performance of introduced
hovteria, This may be particularly important for
iitnwduced bacteria in the rhizosphere, as there iy
evidence that bacteria-feeding nematndex can inhybit
the rhizesphere i Lirge numbers (Griffiths 19907, The
relotive populations of bacterivorous nematodes in the
thizosphere and bulk swil should also be of preat
interes! fo those who wish to introduce specitic
baglerial strains into the rhizosphere, Whelher the
effect of 4. nanus in decreasing populations of P
corrugata can be large enough to decresse biocontmol
performunce in a matural seil is not yoi known.

Interactions between rhisdsphere or soil bacteria and
plant pathogenic nematodes have been studied by
Bookbinder et al. (1982). 1o their study, thete were
syncrgistic negative effects when the bucterial strains,
including P corrugata isolated from symptomless
alfalfa roots, were ioculated together with a range of
plant pathogenic nematodes. However, a5 far as we are
dwire, outs is the first report of the relationship
between a specific soil bacterium and a bacteria-teeding
nematode wolated from the seme soil, Further studics
along these lings with microbivorous nematodes and
the bacteria upon which they leed are necessary steps
i understanding both the complexity of the interactions
between these organisms in the soil environtment and
the limitations on the success of bocontrol agents in
cuntrolling disease, Further research on these lines is
also warranted beeause these nematodes are readily
cultnred, natural ohabitants of the soil whose
mundative release in other sitwationy may prove to ba
of immense benelil ih maintaining soil fertility while
redneing the numbets of undesirable microsrganisms.
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